The biological behavior of the Y chromosome, which is paternally inherited, implies that males sharing the same surname may also share a similar Y chromosome. However, socio-cultural factors, such as polyphyletism, non-paternity, adoption, or matrilineal surname transmission, may prevent the joint transmission of the surname and the Y chromosome. By genotyping 17 Y-STRs and 68 SNPs in~2500 male samples that each carried one of the 50 selected Catalan surnames, we could determine sets of descendants of a common ancestor, the population of origin of the common ancestor, and the date when such a common ancestor lived. Haplotype diversity was positively correlated with surname frequency, that is, rarer surnames showed the strongest signals of coancestry. Introgression rates of Y chromosomes into a surname by non-paternity, adoption, and transmission of the maternal surname were estimated at 1.5 − 2.6% per generation, with some local variation. Average ages for the founders of the surnames were estimated at~500 years, suggesting a delay between the origin of surnames (twelfth and thirteenth centuries) and the systematization of their paternal transmission. We have found that, in general, a foreign etymology for a surname does not often result in a non-indigenous origin of surname founders; however, bearers of some surnames with an Arabic etymology show an excess of North African haplotypes. Finally, we estimate that surname prediction from a Y-chromosome haplotype, which may have interesting forensic applications, has a~60% sensitivity but a 17% false discovery rate.
INTRODUCTION
In most societies, surnames are inherited in the same way as the malespecific region of the Y chromosome, which creates a correlation between the two. However, several factors will decrease this correlation: surnames with more than one founder, such as patronymic surnames (surnames originating from former first names) or surnames of occupation or status, non-paternity events, child adoption, and matrilineal surname transmission. In recent years, Y-chromosome variants are being used to investigate surname history. 1 The correspondence is simple: men sharing surnames might be expected to share similar Y chromosomes. Obviously, this link can also be affected by nonpatrilineal transmissions of the surname.
Two types of polymorphic markers are commonly used to distinguish Y chromosomes from one another. 1 Binary markers such as SNPs (single-nucleotide polymorphisms) have low mutation rates,~10 − 8 per base per generation, 2 and represent often unique events in human evolution. STRs (short tandem repeats) are multiallelic markers and most have a mutation rate of 10 − 3 -10 − 4 per generation. 3 Mutation diversifies Y-chromosome haplotypes associated with a specific surname. However, SNP mutation rates are low enough not to be represented in the timescale of surname inheritance systematization (surnames appeared 500-1000 years ago). As a result, mutation among tested SNPs is highly improbable among the descendants of a surname founder. Hence, we expect biological descendants of the same founder of a surname to have the same SNP haplotype (called a haplogroup) but that might not be the case for Y-STR haplotypes due to the high mutation rate of STRs.
The pioneering study of the surname Sykes 4 revealed low Y-haplotype diversity among unrelated carriers of the name, suggesting that this was compatible with a single founder. Other, more comprehensive studies, have considered sets of surnames in relation to the Y-chromosome diversity of their bearers. King and Jobling 5 analyzed British surnames and estimated haplotype diversity and the number of founders. The results showed that, in Britain, the more frequent surnames tended to have more diverse Y-chromosome haplotypes, as if surname frequency was driven by polyphyletism. On the contrary, an analog study carried out in Ireland 6 showed no significant correlation between the frequency of a surname and the diversity of the Y chromosomes within it. Moreover, the finding that frequent Irish surnames such as O'Sullivan and Ryan present a single founder may be accounted for by male social and reproductive success in the past. Consequently, they considered that the Y chromosome could have suffered the effect of natural selection due not to its genetic content but to a cultural marker: the surname.
Similar studies have pointed out that the link between surname and Y-chromosomal haplotype suggests that it would be feasible to predict a surname in forensic investigations. 5, 7 Having a list of surnames with associated Y-STR haplotypes could be helpful to match a Y profile with one or more surnames, because this would provide a means to prioritize a suspect list. However, surname prediction would be used only as an investigative tool because, to exclude or match individuals with a high degree of likelihood, an autosomal profile is needed.
To the best of our knowledge, surname systems have only been analyzed in Britain and Ireland, with, as we have stated above, different results. We have investigated the driving forces behind the origin, systematization, and diffusion of surnames by using a set of 50 Catalan surnames. Catalonia is a distinct region in the NE corner of the Iberian Peninsula ( Figure 1) ; its origins can be traced to the aftermath of the Islamic invasion of Iberia in AD 711. A narrow strip of land in the North of the Peninsula remained under Christian control and fragmented into multiple kingdoms; the earldom of Barcelona, in the northern half of current Catalonia, was initially a fief of the Carolingian empire that broke up in AD 897. In 1162, it joined the Kingdom of Aragon, which, in the thirteenth to fifteenth centuries, expanded southward to València and eastward to the Balearic Islands, S Italy and as far east as Athens. The Catalan language originated from the fragmentation of vulgar Latin, and its earliest known texts date from the twelfth century. It has remained a distinct language, spoken by 4.5 million people as their first language and by an additional 5 million as a second language, in an area including Roussillon (in S France), Andorra, a strip in E Aragon, Catalonia, the Balearic Islands, València, and the Sardinian town of Alghero. 8 Catalan surnames are based on the Catalan language, and thus, they are easily recognizable 9 from Spanish-or Basque-based surnames. They are diffused throughout the Catalan-speaking lands, and carried by migration to the Americas. Catalan surnames present a higher diversity compared with Spanish surnames: for instance, the top 10 most frequent Spanish surnames have a total frequency of 18.1% (National Statistics Institute of Spain, www.ine.es), while the 10 most frequent Catalan surnames are carried by just 8% of the total population of Catalan-surname bearers (see also Rodríguez-Larralde et al 10 ). Most people seem to have had a surname in Catalonia (as in most of Western Europe) by the thirteenth century, although the Council of Trent (1545-1563), which mandated that each parish keep birth, marriage, and death records, seems to mark the universal, systematic transmission of the paternal surname. 11, 12 For the present project, we have genotyped 17 Y-chromosome STRs and 68 SNPs in~2500 samples of men carrying each one of the 50 Catalan surnames that we previously selected (see Methods section) with the following aims: (i) To discover and quantify the processes that drive surname frequency. Surname polyphyletism (which can be measured from the number of founders detected from the Y-chromosome diversity) can drive surname frequency, as was found in a sample of British surnames, but drift and cultural selection (associated with high-status surnames) may also have a role, as shown in the analysis of Irish surnames. 6 (ii) To quantify the rate of irregular transmission of surnames, a compound measure of adoption, false paternity, and maternal surname transmission. (iii) To explore the forensic application of surname studies, by quantifying the sensitivity to predict a surname from a forensic sample. And (iv), to verify whether the origin of the founders of some surnames matched the origin suggested by the etymology of those surnames.
MATERIALS AND METHODS

Surnames in the project
We selected 50 surnames ( 
Sample collection
After publicizing the project in the local media, volunteers were asked to fill and submit a data collection form to verify whether they fulfilled inclusion criteria for the project: carrying one of the 50 surnames as first (paternal) surname, and not having a relative (first-degree cousin or closer) already volunteering. If these criteria were met, the volunteers were sent a Falcon tube (filled with 2 ml of a stabilizing buffer: 0.67 M LiCl, 33 mM Tris base, 0.67 M Urea, 0.6% SDS (W/V), 3.3 mM EDTA) to collect a 2-ml sample of saliva, along with instructions and an informed consent form to be signed and mailed back with the sample. A total of 1375 samples were collected with this procedure. To complete sampling for all but the most common surnames, the collection kit was mailed to 6857 candidate addresses obtained from the telephone directory; 1185 samples were returned (17.3%). In this case, pairs of samples corresponding to close relatives were detected and filtered a posteriori, but 135 individuals who were, by the genealogies they provided, second cousins or more distant relations with another volunteer were retained. The volunteers were also asked to provide birthplaces for as many of their paternal ancestors as they knew; the birthplace of the oldest paternal ancestor was recorded as the origin of that particular sample (Supplementary Table S1 ). 16 Further information can be found in http://isogg.org/tree/index.html.
Data analysis
Basic descriptive statistics of the genetic diversity in the different samples such as haplotype diversity, average number of pairwise differences, and population pairwise R ST for Y-STR haplotypes were calculated using Arlequin 3.1. 17 Median-joining networks were drawn with Network 4.5.1.6 (www.fluxusengineering.com); alleles at DYS389I were subtracted from those at DYS389II, and DYS385a,b was used in the within-haplogroup networks, as, at short genealogical distances, repeat differences at the duplicated DYS385 STR can be reasonably approximated to mutation events. Multidimensional scaling (MDS) based on R ST matrices was carried out using the R software. 18 We expect the biological descendants of the medieval founder of a surname to carry the same Y-chromosome haplogroup and the same Y-chromosome haplotype or, at least, to accumulate just a few STR mutations compared with the founder. We determined descent clusters, ie, groups of men likely to have a common ancestor that was more recent than the age when surnames were established following with a modified version of the heuristic in Martínez-González et al 19 ( for further details on determining descent clusters and their ages, see Supplementary Text S1). Several external references were used for comparison as necessary: Catalans and Italians (only for STRs), 19 Gascons, 20 Bavarians, 21 Moroccans, 22 Swedes (www.yhrd.org), and Sephardic Jews. 23 Local haplogroup frequencies were estimated from our data by using descent clusters as sampling units, thus avoiding related individuals. For particular surnames, the local vs external contributions were estimated as admixture proportions with the least-square mY estimate, computed with the ADMIX 2.0 software (http://cmpg.unibe.ch/software/admix). 24 
RESULTS AND DISCUSSION
We have genotyped 17 Y-chromosome STRs and 68 SNPs in 2560 men each bearing one of the 50 Catalan surnames. After removing one of each pair of first cousins and closer relatives, we obtained results for 2309 samples. A description of the results for each individual in the data set can be found in Supplementary Table S4 and a summary by surname is included in Table 1 .
Surname frequency and polyphyletism
Haplotype diversity was highly correlated with surname frequency (Spearman's ρ = 0.756, P~10 − 10 ; Figure 2a ), which implies that frequent surnames are not likely to have expanded suddenly, as some Irish surnames did. 6 We next tried to determine descent clusters for each surname, that is, groups of one or more men that shared a surname, and whose haplotypes indicated that they had a common ancestor in the thirteenth century (the date Catalan surnames spread; see Methods section) or later. Across all 50 surnames, we found 1151 descent clusters, of which 751 (65.2%) consisted of just one man each. In 731 instances (across all surnames), different descent clusters were found in the same haplogroup. In order to verify the consistency of our descent cluster definition, we computed the median distance in absolute number of STR allele differences between descent clusters of the same haplogroup, which was six, and only in 11.1% of the cases the nearest haplotype was three presumed mutation steps away. Thus our definition of descent clusters seems to delineate clear sets of haplotypes of close coancestry.
The relative number of descent clusters (number of descent clusters over sample size) is also strongly correlated with surname frequency (ρ = 0.527, P = 1.0 × 10 − 4 ). The number of likely medieval founders plus subsequent Y-chromosome introgressions in a surname clearly grows with surname frequency, and this result is not explained by differences in sample size (partial correlation controlling for sample size r = 0.734, P~10 − 9 ). To try to separate initial founders from later Abbreviations: D, haplotype diversity; f, population frequency; FMDC, proportion of men in the sample belonging to a MDC (ie, with n ≥ 4); G. patr., German patronym; L. patr., Latin patronym; N, sample size; nl, number of descent clusters (sets of men descended from a common ancestor).
Catalan surnames and Y chromosome N Solé-Morata et al introgressions, we considered that more frequent descent clusters would be more likely to represent the former than the latter. We arbitrarily defined major descent clusters (MDCs) as those with n ≥ 4, where n is the number of individuals in the cluster. MDCs (and thus, putative independent medieval founders) by surname ranged from 0 to 6, with an average 2.64; the proportion of men in a surname that belonged to a MDC ranged from 0 to 95.7%, with an average of 40.6%. Both the relative number of MDCs and the proportion of men in a surname that belonged to a MDC were negatively correlated with surname frequency (ρ = − 0.679, P~10 − 8 and ρ = − 0.711, P~10 − 9 , respectively) ( Figure 2b ). The latter correlation remained significant when controlling for sample size (partial correlations r = − 0.277, P = 0.059; and r = − 0.461, P = 8.7 × 10 − 4 , respectively). That is, less common surnames comprise fewer descent clusters, which are more frequent and presumably older, while the extremely high number of descent clusters in frequent surnames means that each descent cluster is less frequent, and fewer reach the n ≥ 4 threshold. These results seem robust to the arbitrary definition of MDC: we repeated the correlations with n ≥ 3 and ≥ 5 thresholds, with very similar results: the correlation between the relative number of MDCs and surname frequency was ρ = − 0.524 (P = 1.8 × 10 − 4 ; partial correlation controlling for sample size, r = − 0.335, P = 0.024) for descent clusters with n ≥ 3 and ρ = − 0.720 (P~10 − 8 ; r = − 0.209, P = 0.163 controlling for sample size) for descent clusters with n ≥ 5. The correlation between MDC coverage and surname frequency was ρ = − 0.662 (P = 1.8 × 10 − 6 ; partial correlation controlling for sample size, r = − 0.529, P = 1.12 × 10 − 4 ) for descent clusters with n ≥ 3 and ρ = − 0.660 (P~10 − 7 ; r = − 0.410, P = 0.004 controlling for sample size) for descent clusters with n ≥ 5. Next, we measured R ST genetic distances among surnames and with a sample of the general population. 19 Genetic distance from the general population was negatively correlated with surname frequency (ρ = − 0.664, P = 1.5 × 10 − 7 ) (Supplementary Figure S1) , and, when the distances were represented with MDS (Figure 3 ), common surnames tended to cluster in the center of the plot, while peripheral surnames tended to be less frequent. An AMOVA based on R ST showed that 12.49% of the overall genetic variation was explained by differences among surnames; this is a very large value, on the order of magnitude of autosomal genetic differences among worldwide populations. 25 For reference, R ST between general Catalan and North Italian populations was 0.75%. Thus Y-chromosome genetic diversity in Catalan surname samples shows clear signs of founder effects that are more dramatic in rarer surnames. A sample consisting of the median haplotype for each descent cluster was not significantly different from the general Catalan population (R ST = − 0.00123, P = 0.486).
Median-joining networks based on Y-STR haplotypes and SNP data were used to study the haplotype diversity associated with a surname in more detail and to identify groups of men descending from a common founder. Figure 4 illustrates the differences between six surnames that are present at different frequencies within the population, which, again, show a trend for increased haplotype and haplogroup diversity and fewer MDCs in more frequent surnames (See also Supplementary Figures S2 and S3) .
Y-chromosome haplotypes and haplogroups in samples of men bearing one of the 50 Catalan surnames show increased diversity with surname frequency and an increased number of founders but a decreased frequency of well-represented (and presumably older) descent clusters. Moreover, frequent surnames were closer to a general population sample, while rarer surnames tended to be more peripheral in an MDS plot of genetic distances, which implies that founder effects were much more pronounced for rarer surnames. These results are extremely similar to those found in Britain, 5 and, as in that case, point to polyphyletism as the major driver for surname frequency; that is, frequent surnames became abundant because they were founded multiple times, while rarer surnames tended to have fewer origins. This also implies that the Irish case, 6 in which some surnames increased their frequencies but maintained low genetic diversities, probably because of the prestige and wealth associated with those particular surnames, may be an exception in Western Europe. Further studies in other European populations are needed to confirm this point. Table 1 ) and in the Catalan and Italian (black stars) general populations. MDCs comprised a single haplotype each. As the MDCs contained 44 patrilineal relative pairs (more distant than first cousins, and as ascertained from the known genealogies that each volunteer provided), we tested their possible contribution by counting the minimum average relatedness within each descent cluster. Individuals who were not known to be related to each other were assumed to share an ancestor in the generation prior to their known genealogy. Men in monomorphic MDCs (and thus an estimated age of 0) were thus related by a minimum of 6.94 ± 0.25 meioses, against 6.85 ± 0.09 for the MDCs with some haplotype diversity (F = 0.102, P = 0.75). Thus known relatedness does not seem to significantly lower estimated descent cluster age. Catalan descent cluster ages are slightly more recent though than British and Irish surnames, which were about 500, 650, and 1100 years old, respectively, although the Catalan and British surname age differ by o1 SD. Surnames appeared in Catalonia and Britain in the twelfth and thirteenth centuries but were older in Ireland, where they are recorded in early tenth century. It should be noted that these ages' estimates depend on the definition of the clusters that are presumed to be descendants from the same medieval founder and on the mutation rate employed. The criteria for inclusion in a descent cluster we used (see Methods section) are less restrictive than those adopted by King and Jobling 5 ; this would actually result in older age estimates in our case, as we included in descent clusters some individuals that would be excluded by King and Jobling and that are more peripherally related to the rest of the cluster. On the contrary, we adopted a faster mutation rate (1 mutation per 777 years, based on the tens of thousands of meioses compiled by www.yhrd.org) than King and Jobling did, who, for a partly overlapping set of STRs, used an estimate of 1 mutation per 1373 years, based on their own genotyping of pairs of related individuals totaling 274 transmissions of the Y chromosome. A possible factor that may have biased downward the age estimate for Catalan surnames is that surname inheritance may have been relatively lax in the Late Middle Ages and that the mandate of the Council of Trent, in 
Introgression rates
Non-paternity, adoption, multiple founding events for names and matrilineal transmission of the surname can affect the link between Y chromosome and surnames, triggering the appearance of new chromosomes linked to a certain surname. If a surname is assumed to be monophyletic, the presence (and quantity) of descent clusters other than the presumed founder descent clusters can be used to estimate the rate of Y-chromosome introgression per generation. 5 We have applied the equations by King and Jobling 5 not to whole monophyletic surnames as in the original formulation but to locally monophyletic surnames, that is, to surnames in which a given descent cluster predominated in a particular, well-defined geographical area and provided that the frequency of that descent cluster was n ≥ 8. Thus we could increase the sample size for the estimation of the introgression rate to 42 local surname origins. The introgression rate range estimate was 1.5-2.6% per generation (King and Jobling 5 provided lower and upper bounds for the actual value) (Supplementary Table  S5 ), which are similar values to those found in Britain. Additionally, other studies that included genealogical information in Flanders 26 and N Italy 27 estimated introgression rates, respectively, at 0.9 and 1.2% per generation; however, given the fact that these studies contained the genealogy of the participants, they estimated practically the nonpaternity rate. We could also estimate local introgression rates. Although differences were not statistically significant, a clear pattern emerged: introgression estimates were lower in the south of the studied area (Lower Ebro River Valley, 0.8-1.7%; València, 0.9-2.2%; Castelló, 1.2-2.7%) and in the island of Majorca (0.4-1.2%) than in the north (Central Catalonia, 2.8-4.2%, Penedès 2.4-3.9%, Barcelona region 2.2-3.3%). At least two factors could explain this pattern: the areas with higher introgression rate coincide both with regions where in rural areas often the surname was linked more to the manor than to the family (and if a woman inherited a large estate, she transmitted her surname 28 ), and to areas that received a larger fraction of Occitan migrants from southern France in the sixteenth and seventeenth centuries, who carried surnames that often were similar to (and assimilated with) Catalan surnames. 29, 30 Surname origins vs founder origins We next focused on groups of surnames in which the etymology of the surname suggested a particular origin for the founder of the surname and verified whether that was the case. For instance, we selected five Germanic patronymic surnames, that is, surnames that were originally Germanic first names, such as Armengol, Ricart, Gual, Albert, and Robert, and compared both with a frequency-matched set of Latin patronymic surnames (Adell, Fortuny, Miquel, Oriol, Reixach) and with the rest of our surname sample. Although Germanic patronymic surnames have a different haplogroup composition when compared with Latin patronymic surnames (F CT = 0.0141, P = 0.042, mostly driven by the increased frequency of R1b-P312* in Germanic surnames; however, this haplogroup is much more frequent in Catalonia than in Germany), they are not different when compared with all other surnames (F CT = 0.0019, P = 0.225). Next, we performed an admixture analysis using haplogroup frequencies and with Catalans and Bavarians as parental populations (Supplementary Figure S5A) . Using ADMIX 2.0, 24 the admixture proportions for the Germanic patronymic surname bearers were m = 1 for the Catalan contribution and m = 0 for the Bavarian contribution. That is, Germanic patronymic surname bearers did not carry Central European haplogroups in a proportion different than what was found in the general Catalan population, and it can be inferred that the founders of these surnames were not more of Germanic origin than the founder of other surnames.
We also investigated surnames with a linguistic Arabic or Hebrew background to ascertain whether their founders were North Africans or Jews themselves. An Arabic etymology has been suggested for the Gasull, Moragues, Nàcher, Massot, and Melis surnames (Supplementary Figure S5B) , although alternative etymologies have been proposed for the latter two. 11, 12, 31 Although as a category, these surnames did not show North African admixture (m = 0 for the North African contribution by using Moroccans as a parental population), statistically significant excesses of haplogroups common in North Africa (such as E-M81 or J1-M267) were found in Nàcher and Massot. Similarly, surnames Maymó and Salom may have a Hebrew etymology, Estruch was a common first name among medieval Jews in Catalonia, and Vidal is often mentioned (even though without much evidence) as a surname taken by Jews who converted to Christianity (Supplementary Figure S5C) . By using Sephardic Jews as a parental population, the admixture proportion was m = 0.202 ± 0.0068, likely due to the fact that about two-thirds of Estruch men carried J2 haplogroups, which are found in 22.7% of Jews 32 but only in 8% of Catalans. No such signature of a possible Jewish origin was found in the other Jewish-related surnames, although Salom showed an excess of North African haplogroups.
Finally, we turned to ethnonymic or demonymic surnames. Some Catalan surnames (Alemany, Danés, Guasch) denote geographic origin (they mean German, Dane, Gascon, respectively). By comparing haplogroup frequencies between the carriers of those surnames and their putative populations of origin, we have seen that Alemany and Danés surnames do not reflect the origin of their founders ( Supplementary Figures S6A and B) . Note though that alternative etymologies have been suggested for both surnames. Haplogroup frequency similarity between the Gascon and Catalan populations (Supplementary Figure S6C) prevented any meaningful inference about the origin of the founders of the Guasch surname.
Surname prediction from a Y-chromosome genotype As proposed by King et al, 33 surname prediction from a sample of unknown origin could be a useful forensic application of surname studies. A simple method to predict a surname can be based on MDCs as defined in this study. Thus if a Y-chromosome haplotype from a forensic sample belongs to a given MDC, we attribute that surname to the sample. We can estimate the sensitivity of this prediction as the number of samples in our study that were placed in a MDC, namely 40.8%. However, as discussed above, MDC coverage correlates negatively with surname frequency. We have used this correlation (and the linear regression line we calculated between MDC coverage and surname frequency) to estimate sensitivity for each Catalan surname. Weighing each predicted sensitivity by the frequency of the surname, we estimate that sensitivity would be 62.3% for the entire set of~3300 Catalan surnames. However, we can also estimate a false discovery rate (FDR) of 17% by counting how often a sample that did not belong to a MDC in their own surname was two or fewer STR mutation steps away from a MDC in a different surname. FDR by surname does not correlate with surname frequency (ρ = 0.044, P = 0.762; Supplementary Figure S7) .
A haplotype may be captured by a MDC of another surname for, at least, two reasons: the combination of 17 STRs and 68 SNPs we have genotyped may lack sufficient genetic resolution to differentiate unrelated Y chromosomes that may have similar haplotypes (especially taking into account the low haplotype diversity within the abundant R1b-M269 haplogroup 34, 35 ), or the predicted surname was indeed carried by an ancestor of the donor, and, at some point in the genealogy, by false paternity, adoption, or transmission of the maternal surname, Y chromosome, and surname decoupled. In the latter scenario, it is plausible that the ancestors of the man carrying the queried haplotype and those of the MDC of the surname he should have carried could be found in closer geographic proximity; this would not be case, given the genetic homogeneity of the studied area (R ST among geographical subregions, computed by taking one haplotype per descent cluster, was 0.0014, P = 0.22), if the surname misprediction is due to homoplasy. We measured geographic proximity in travel hours by road and ferry as provided by the Google Distance Matrix API, in order to take into account the presence of mountain ranges and the fact that the Balearics are islands, which are factors that would not be captured by as-the-crow-flies distances. Although travel times have certainly shortened in the past generations, we can assume that the decrease has been roughly proportional throughout the studied area. For each mispredicted haplotype, we computed the average travel time to the ancestral birthplaces of the individuals in the MDC that captured it and compared this distribution to the average travel times to a different MDC that this haplotype did not belong to, selected for having the same frequency or the most similar to the descent cluster that captured the haplotype (Supplementary Figure S8) . Average travel times are shorter to the MDC of the mispredicted surname (3.95 vs 4.61 h, P = 0.013, paired Student's t-test), which suggests that a few of the ancestors of these individuals may have indeed carried the predicted surname and that it changed later by false paternity, adoption, or transmission of the maternal surname.
For surname prediction to have any practical application beyond the 50 surnames in this study, a general database should be established. We have estimated the size of such a database. With a multinomial distribution, we estimated first the sample size necessary to identify all the MDCs in each surname in our sample with an 80% probability, found that this value is strongly correlated with the population size of each surname, and used the regression line between sample size necessary and population frequency of each surname to extrapolate values for all Catalan surnames. We found that a total sample size of 37 368 males sampled from the 1 848 486 men carrying the 3173 most frequent Catalan surnames would be sufficient to establish a database in which all MDCs (with the sensitivity of our original samples) would be identified with an 80% probability. This is not an impossible sample size to reach, but these figures were derived under the assumption that the sampling was structured by surname a priori.
We have tried to dissect the intricate relationships between surnames and Y-chromosome diversity in Catalonia, which are the result not only of their shared inheritance but also of history, linguistics, and culture. Although similar studies have now been performed for three countries, it remains to be seen which details of this relationship are shared in other European societies and which of those societies harbor new levels of complexity.
